Objective: To explore factors associated with neurological recovery at 1 year relative to hospital discharge after cardiac arrest. Design: Observational, retrospective review of a prospectively collected cohort. Setting: Medical or surgical ICUs in a single tertiary care center. Patients: Older than 18 years, resuscitated following either inhospital or out-of-hospital cardiac arrest and considered for targeted temperature management between 2007 and 2013. Interventions: None. Measurements and Main Results: Logistic regressions to determine factors associated with a poor recovery pattern after 1 year, defined as persistent Cerebral Performance Category Score 3-4 or any worsening of Cerebral Performance Category Score relative to discharge status. In total, 30% (117/385) of patients survived to hospital discharge; among those discharged with Cerebral Performance Category Score 1, 2, 3, and 4, good recovery pattern was seen in 54.5%, 48.4%, 39.5%, and 0%, respectively. Significant variables showing trends in associations with a poor recovery pattern (62.5%) in a multivariate model were age more than 70 years (odds ratio, 4; 95% CIs, 1.1-15; p = 0.04), Hispanic ethnicity (odds ratio, 4; CI, 1.2-13; p = 0.02), and discharge disposition (home needing out-patient services (odds ratio, 1), home requiring no additional services (odds ratio, 0.15; CI, 0.03-0.8; p = 0.02), acute rehabilitation (odds ratio, 0.23; CI, 0.06-0.9; p = 0.04).
MATERIALS AND METHODS

Participants and Procedures
Clinical data from 385 consecutive CA patients older than 18 years, resuscitated following either in-hospital or out-of-hospital CA between August 2007 and July 2013 at a single, high volume, tertiary-care referral facility were collected retrospectively. Those who survived to hospital discharge were then followed until July 2016 and included in the analysis. The study was approved by the Columbia University institutional review board, and participants gave written or verbal informed consent.
Clinical Data Collection
Patient demographics and arrest-related variables following Utstein guidelines (10) , including preexisting medical conditions, cumulative Charlson Comorbidity Index (CCI) (11) , prearrest cerebral performance category scale (CPC) (12) , living environment, income, insurance, hospital complications, and discharge dispositions, were collected via chart review. Cooling protocol is attached (Supplemental File 1, Supplemental Digital Content 1, http://links.lww.com/CCM/D33). Neuronspecific enolase was collected from day 1 to day 3 postarrest.
Outcome Measures
A single reviewer (A.R.) determined the CPC score at discharge after a thorough chart review focusing on occupational therapy, physical therapy, and attending physical medicine and rehabilitation notes prior to discharge; this score was independently confirmed by another reviewer (E.M.). One-year postarrest CPC was determined by two independent primary reviewers (A.P., W.R.), blinded to discharge CPCs, following administration of a 1-year follow-up case report form by telephone interview. If any of the two primary raters disagreed on a score, a third rater (S.A.) made the final decision. Outcomes were obtained directly from the patients or from surrogates if patients were unavailable to participate. All reviewers utilized a CPC rubric (Supplemental File 2, Supplemental Digital Content 2, http://links.lww.com/CCM/D34). The Kappa statistic between two independent reviewers was 0.92 for CPC measurement at discharge and 0.96 (p value < 0.001) with 97% agreement at 1 year.
Patients were categorized as having a "poor recovery pattern" if they had any worsening of CPC score at 1 year compared with their discharge score. In the case that there was no change in a patient's CPC score at 1 year compared with discharge and their discharge CPC was 3 or 4, they were also categorized as having a poor recovery pattern. The remaining patients who either had an reduction in CPC score at 1 year compared with discharge or maintained their discharge CPC score of 1 or 2 at 1 year were categorized as having a "good recovery pattern".
Discharge disposition was collected from physiatry and social work notes and classified into four categories: 1) home without services; 2) home with services (physical therapy/occupational therapy/speech therapy); 3) acute rehabilitation facility or longterm acute care facility; and 4) skilled nursing facility or hospice. According to institutional protocol, all patients are seen prior to discharge by physical, occupational, and speech therapists, followed by a physiatrist-based recommendation on discharge disposition. The eligibility for acute rehabilitation followed Medicare rules, which requires patients to be capable of undergoing intensive physical or occupational rehabilitation (at least 3 hr/d, 5 d/wk) and at least one additional type of therapy, such as speech-language therapy or occupational therapy.
Statistical Analyses
The two groups, "poor recovery pattern" and "good recovery pattern," were compared using chi-square and Wilcoxon Rank Sum test for categorical and continuous clinical characteristics, respectively. We used multivariable logistic regression models to estimate odds ratios (ORs) and 95% CIs for associations between demographics, comorbidities, arrest-related and posthospital discharge variables, and poor recovery patterns at 1 year ( Table 3) . Stepwise selection of variables included in the final model was based on a statistical significance of p < 0.05. After adjustment for multiple comparisons using Bonferroni correction, a p value of ≤ 0.01 was considered statistically significant for determinants of 1-year neurological recovery patterns. CPC at discharge was dichotomized into poor (CPC, [3] [4] and good (CPC, 1-2) outcomes. Calculations were carried out using STATA software (StataCorp, College Station, TX).
RESULTS
Admission Characteristics
Thirty percentage of CA patients (117 of 385) admitted after resuscitation survived until discharge and had significantly lower mean age, higher prearrest functional and neurological status, lower rates of out of hospital arrests, lower CCI, higher rates of ventricular tachycardia/fibrillation (VT/Vfib), CPR, and defibrillation with medical personnel present, and less time to ROSC, compared with nonsurvivors ( Table 1) .
Discharge Characteristics
Good outcomes (CPC, 1-2) at discharge were seen in 47% (55/117) of cases; compared with poor outcomes (CPC, >2), they were relatively younger, were predominantly men, and had lower CCI. Further, they were mostly living at home with no assistance required and with a CPC of 1 before the arrest. Patients discharged with good outcomes had more witnessed arrests, shorter ROSC times, predominantly VT/Vfib as initial rhythm, higher rates of bystander defibrillation, were more likely to have day 3 neuron-specific enolase (NSE) levels less than 33, and had lower rates of TTM and pneumonia. Lastly, significantly more patients with a CPC of 1 were discharged home ( Table 2) . Men, n (%) 59 (13) 70 (23) 53 (20) 42 (10) Race, n (%) Caucasian 32 (7) 45 (15) 47 (18) 17 (4) Black 233 (5) 24 (8) 21 (8) 46 (11) Hispanic 41 (9) 30 (10) 32 (12) 38 (9) Asian
Prearrest comorbidities, n (%) Hypertension 36 (8) 55 (18) 63 (24) 54 (13) Heart failure 23 (5) 27 (9) 24 (9) 25 (6) Myocardial infarction 5 (1) 30 (10) 21 (8) 8 (2) Diabetes mellitus 27 (6) 21 (7) 34 (13) 33 (8) Chronic obstructive pulmonary disease 9 (2) 18 (6) 13 (5) 22 (5) Cerebrovascular disease 5 (1) 6 (2) 18 (7) 17 (4) Renal disease 14 (3) 21 (7) 24 (9) 29 (7) Liver disease 0 (0) 6 (2) 13 (5) 4 ( (5) 23 (7) 40 (14) 48 (11) Current smoker 27 (6) 42 (13) 11 (4) 9 (2) Living environment Home, unassisted 86 (19) 79 (26) 68 (26) 52 (12) Home, assisted with ADLs 14 (3) 15 (5) 21 (8) 35 (8) Institutionalized, partially dependent ADLs 0 (0) 3 (1) 3 (1) 4 (1) Institutionalized, fully dependent ADLs 0.00 (0) 
Out of hospital cardiac arrest 82 (18) 42 (14) 50 (19) 96 (23) Witnessed cardiac arrest, n (%) 95 (21) 91 (30) 84 (32) 71 (17) Figure 1 illustrates the evolution of patients' neurological status as they transitioned from hospital discharge to 1 year. Among all discharges with a CPC of 1 (n = 23), there were three deaths (two due to rearrests and one had preexisting nonsmall cell carcinoma of lung), and 12 of 22 patients (54.5%) maintained a CPC of 1 at 1 year.
Among discharges with a CPC of 2 (n = 33), there were seven deaths (two due to rearrests, one to preexisting liver cirrhosis, one to pulmonary hypertension, and one to chronic heart failure leading to do-not-resuscitate orders and two due to unknown causes). Fifteen of 31 patients (48.4%) improved either to CPC 1 (8/31; 25.8%) or remained with CPC of 2 (7/31; 22.6%) at 1 year.
Of those discharged with a CPC of 3 (n = 38), there were 11 deaths (five due rearrests, two had cancer as a preexisting condition, and four due to unknown causes). Interestingly, 15 of 36 patients (41.6%) improved to a CPC 1 (7/36; 19.4%) or CPC 2 (8/36; 22%) at 1 year.
Among patients discharged with a CPC of 4 (n = 23), there were 13 deaths; the majority were due to sepsis or rearrests and were associated with multiple hospitalizations and readmissions. None of these patients showed any improvement in (14) 41 (12) 46 (17) 17 (4) Pulseless electrical activity 20 (4) 41 (12) 46 (17) 61 (14) Asystole 10 (2) 17 (5) 8 (3) 22 (5) Targeted temperature management 64 (14) 73 (24) 79 (30) 92 (22) Percutaneous angioplasty, n (%) 29 (6) 33 (11) 13 (5) 5 (1) Pneumonia 41 (9) 45 (15) 47 (18) 65 (15) Out of hospital arrests only, n (%)
Bystander cardiopulmonary resuscitation 36 (8) 12 (4) 18 (7) 25 (6) Defibrillation 68 (15) 48 (16) 46 (17) 17 (4) Insurance None 14 (3) 15 (5) 13 (5) 8 (2) Medicare 5 (1) 21 (7) 34 (13) 17 (4) Medicaid 27 (6) 15 (5) 11 (4) 25 (6) Medicare + Medicaid 9 (2) 24 (8) 24 (9) 33 (8) Private 45 (10) 24 (8) 18 (7) 17 (4) Annual income ($) their neurological status at 1 year, and 10 patients remained in a comatose or persistent vegetative state (PVS).
Recovery Patterns After 1 Year
As shown in Table 3 , patients in the poor recovery pattern group (70/112; 61.4%), when compared with good recovery pattern patients, were significantly older (mean age, > 70 yr), had higher CCI, were more likely to be women, black, or Hispanic, to have lived at home with assistance at the time of the event, and to be discharged home with out-patient services required. There were no significant differences found between groups for location of arrest, ROSC, bystander CPR, rates of defibrillation, or administration of TTM. Of note, the poor recovery pattern group included 8.7% (n = 6) of patients who had worsened functional status from CPC 1 to CPC 2.
Determinants of 1-Year Neurological Recovery Patterns
Variables mentioned in Table 3 , including demographics (age, gender, race), various comorbidities, CCI on admission, arrestrelated variables (location of arrest, witnessed/unwitnessed, bystander CPR, ROSC, initial rhythm), presence of TTM, defibrillation, pneumonia, type of insurance, annual income, discharge disposition, and NSE levels on day 3, were analyzed in univariate models to determine the correlations associated with poor recovery pattern after 1 year.
Significant trends in associations with a poor recovery pattern at 1 year relative to discharge status were found in a multivariate model with age more than 70 years (OR, 4; CI, Table 4) .
CPC at discharge or CCI on admission were not statistically significant in the multivariate model (Table 4 ). Sensitivity analysis showed that association with CPC at discharge in the univariate analysis was mostly driven by patients with CPC of 4 (who invariably continued to have a poor outcome at 1 year follow-up as shown in Fig. 1 ).
Subgroup Analysis Based on Arrest Site
Among in-hospital arrests, patients with poor recovery patterns were older and had greater CCI scores, compared with the good recovery pattern group. For out-of-hospital arrests, the two recovery pattern groups were significantly different in prearrest living environment and discharge dispositions after survival, and there was a trend that patients with good recovery patterns had higher rates of VT/Vfib as initial rhythm (Supplemental File 3, Supplemental Digital Content 3, http://links. lww.com/CCM/D35).
DISCUSSION
The current study highlights the dynamic and varying outcomes of CA survivors and identifies factors associated with the evolution of neurological status within the first year of the event after hospital discharge.
There was significant variability in the recovery patterns among patients discharged with mild-to-moderate cerebral dysfunction. An early good outcome at discharge did not necessarily maintain neurological status over 1 year. The neurological status of approximately half of the patients with a discharge CPC of 1 or 2 deteriorated by 1 year (Fig. 1 ). Factors associated with this apparent worsening in neurological status remain to be elucidated. Neurocognitive and psychosocial sequelae from hypoxic-ischemic injury remain a potential confounder (13, 14) . Previous studies have reported that as many as 50% of survivors discharged with a good CPC suffer from cognitive deficits (15), 14-45% from depression, 13-61% from anxiety, and 19-27% exhibit symptoms of posttraumatic stress disorder (15) . Similar findings have been reported in patients after stroke, in which depression is not only common but also has been linked to cognitive impairment (16) , worse functional outcomes, and increased mortality, even when controlling for other variables (17) (18) (19) (20) . Thus, routine cognitive and psychiatric screening at discharge followed by a long-term follow-up could potentially help determine what continues to impact long-term outcomes among patients with mild-moderate cerebral dysfunction.
In contrast to recent evidence (21-23), our study reports improvement in functional status in 40% of patients discharged with severe disability. A discharge CPC of 3 did not always dictate a poor long-term outcome. As reported previously, the range of discharge dispositions for patients with CPC of 3 can include home, long-term acute care, or hospice (23) . Given that patients experience the most neurological improvement in the first 6 months postdischarge after CA (3), combined with our findings, we believe that severe cerebral disability at discharge should not preclude intensive physical and cognitive rehabilitation, and may potentially benefit a subgroup of these patients.
None of the patients discharged in coma or PVS improved sufficiently to change their CPC score at 1 year. The majority either died or remained in a subacute nursing facility. This is in concordance with a recent study that reported a 0% survival rate of in-hospital CA patients discharged with a CPC of 4 within 6 months, and an extremely poor survival rate among out-of-hospital CA patients at 1 year (22) . These findings have increased pertinence, given that current healthcare infrastructures demand a prioritized system of resource allocation and utilization. Nonetheless, cases have been reported in which patients discharged in minimally conscious states (MCS) awoke 1 month and 3 months after hospital discharge (24) , though CPC is not an appropriate tool to differentiate between PVS and MCS patients.
The proportion of patients in our cohort with poor neurological status at discharge is very large (> 50%) compared with studies from Europe (2, 8) , but comparable with another highvolume, tertiary care referral center in the United States, where it is around 63% (4). This discrepancy can be explained by the premorbid health and neurological status of our survivors as described in Table 1 . Finally, the large number of survivors with a CPC of 4 in our study can be explained by lower rates of withdrawal of care due to neurological reasons (17%) (25) .
It is plausible to assume that patients being discharged home with planned out-patient services have relatively fewer needs and are in better functional status compared with those deemed appropriate for acute rehabilitation in order to regain their independence long-term. Contrary to this assumption, acute rehabilitation was associated with significantly better neurological recovery. This finding may partially be explained by the amount of deterioration observed at 1 year in patients discharged with a CPC of 1, as 45% of them were discharged home with services, compared with the 50% of patients with a CPC of 3 who went to an acute rehabilitation and showed significant improvement. Elmer et al (4) recently reported no significant differences in hazard of death between patients discharged home or to acute rehabilitation. It is increasingly believed that survival alone cannot be considered a success for these patients (26) . Newer guidelines should emphasize the need to include multiple impairment and disability measures with longer term endpoints among survivors (27) . In light of these findings, we suggest that special attention needs to be paid to occupational therapy recommendations for discharge dispositions, which focus more on a patient's ability to function at home and cognitive capabilities required to reintegrate back into society.
Overall, our study showed significant variability in longterm recovery patterns among CA survivors. A good discharge status does not necessarily lead to a good recovery pattern at 1 year, and an early poor discharge status does not guarantee poor recovery at 1 year. Most of the traditional arrest-related predictors of survival to hospital discharge were not associated with long-term recovery patterns. We noticed that factors found to be associated with recovery patterns may have had a variable effect, depending on the site of the arrest, which warrants further investigation in a larger cohort. Discharge disposition of home with out-patient services and Hispanic ethnicity showed trending associations with a poor 1 year neurological recovery pattern after hospital discharge from CA.
Our study has several limitations. The small number of patients in each CPC category might limit reliability of the results; however, our study is one of the biggest cohorts of survivors being followed for neurological outcomes at 1 year, with very few patients lost to follow-up. We acknowledge that CPC at discharge was determined based on chart review, which potentially creates inaccuracies in spite of judicious use of a rubric. Though CPC is a validated and widely utilized tool, it cannot detect mild cognitive problems (15) and has not been shown to correlate with other functional outcomes as assessed by validated functional status and quality of life scales (28, 29) . However, since CPC was determined at both hospital discharge and 1 year follow-up, it should not affect the internal validity of our results.
Lastly, the association between patients discharged home with additional out-patient services and worse poor recovery patterns at 1 year, compared with patients sent to acute rehabilitation, needs to be validated in prospective studies. This was an observational study, not designed to answer that specific question. There could be some inherent differences in patients who were discharged home with services versus acute rehabilitation that is difficult to ascertain in a retrospective study.
The primary outcome in this study was not CPC at discharge or at 1 year, but an evolution of neurological recovery, that is, how much recovery or worsening patients experienced by 1 year, relative to their discharge status. Other studies (4-7, 30) have focused on admission characteristics but not factors at discharge that predict long-term recovery. Future studies conducted in a prospective manner with more sophisticated neuropsychological testing at multiple time points are warranted to confirm some of these hypotheses.
CONCLUSIONS
Patients discharged with mild-to-moderate cerebral dysfunction had varying long-term recovery patterns and could develop worsening neurological status within 1 year. Conversely, patients with severe cerebral disability at discharge had potential to develop good long-term recovery. Other than old age, traditional factors associated with survival to hospital discharge did not correlate with long-term recovery patterns. Old age, Hispanic ethnicity, and the discharge disposition of home with out-patient services may be associated with a poor 1 year neurological recovery pattern after hospital discharge from CA.
